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GLOSSARY
Term Definition
bioaccumulation the accumulation of a substance in an organism
bioconcentration the concentration of a chemical in the tissues of an organism
factor divided by the concentration in water
carcinogenic CPAHSs represent the cumulative risks from benzo(a)anthracene,
polycyclic aromatic ~ benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
hydrocarbons chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene
central tendency a measure of the middle or expected value of a dataset
contaminant of the subset of contaminants? of potential concern with exposure
concern concentrations that exceed EPA target risk levels
contaminant of contaminant? detected in the Study Area for all exposure media
interest (i.e., surface water, transition zone water, sediment, and tissue)
contaminant of the subset of contaminants® of interest with maximum detected
potential concern concentrations that are greater than screening levels
composite sample an analytical sample created by mixing together two or more

individual samples; tissue composite samples are composed of
two or more individual organisms, and sediment composite
samples are composed of two or more individual sediment grab
samples

conceptual site model a description of the links and relationships between chemical
sources, routes of release or transport, exposure pathways, and
the human receptors at a site

congener a specific chemical within a group of structurally related
chemicals (e.g., PCB congeners)

human health risk a process to evaluate the likelihood that adverse effects to human
assessment health might occur or are occurring as a result of exposure to one
or more contaminants

dose the quantity of a contaminant taken in or absorbed at any one
time, expressed on a body weight-specific basis; units are
generally expressed as mg/kg bw/day

2 Prior deliverables and some of the tables and figures attached to this document may use the terms “chemical of
concern”, “chemical of interest”, or “chemical of potential concern”, which has the same meaning as
“contaminant of concern”, “contaminant of interest”, or “contaminant of potential concern”, respectively, and

refers to “contaminants” as defined in 42 USC 9601(33).
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Term

Definition

empirical data

exposure assessment
exposure pathway
exposure point
exposure point
concentration
exposure area
hazard quotient

predicted data

reasonable maximum
exposure
receptor

risk

risk characterization

data quantified in a laboratory

the part of a risk assessment that characterizes the chemical
exposure of a receptor

physical route by which a contaminant moves from a source to a
human receptor

the location or circumstances in which a human receptor is
assumed to contact a contaminant

the value that represents the estimated concentration of a
contaminant at the exposure point

size of the area through which a receptor might come in contact
with a contaminant as determined by human uses

the quotient of the exposure level of a chemical divided by the
toxicity value based on noncarcinogenic effects (i.e., reference
dose)

data not quantified in a laboratory but estimated using a model

the maximum exposure reasonably expected to occur in a
population

The exposed individual relative to the exposure pathway
considered

the likelihood that a specific human receptor experiences a
particular adverse effect from exposure to contaminants from a
hazardous waste site; the severity of risk increases if the severity
of the adverse effect increases or if the chance of the adverse
effect occurring increases. Specifically for carcinogenic effects,
risk is estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to a
potential carcinogen. Specifically for noncarcinogenic
(systemic) effects, risk is not expressed as a probability but
rather is evaluated by comparing an exposure level over a period
of time to a reference dose derived for a similar exposure period.

a part of the risk assessment process in which exposure and
effects data are integrated in order to evaluate the likelihood of
associated adverse effects
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Term Definition

slope factor toxicity value for evaluating the probability of an individual
developing cancer from exposure to contaminant levels over a
lifetime

Study Area the portion of the Lower Willamette River that extends from
River Mile 1.9 to River Mile 11.8

toxic equivalency numerical values developed by the World Health Organization

factor that quantify the toxicity of dioxin, furan, and dioxin-like PCB

congeners relative to 2,3,7,8-tetrachlorodibenzodioxin

transition zone water Pore water associated with the upper layer of the sediment
column; may contain both groundwater and surface water

uncertainty a component of risk resulting from imperfect knowledge of the
degree of hazard or of its spatial and temporal distribution

upper confidence a high-end statistical measure of central tendency
limit on the mean

variability a component of risk resulting from true heterogeneity in
exposure variables or responses, such as dose-response
differences within a population or differences in contaminant
levels in the environment
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EXECUTIVE SUMMARY

This document presents the baseline human health risk assessment (BHHRA) for the
Portland Harbor Superfund Site (Site). The BHHRA, which was conducted as part of
the Remedial Investigation Report (Rl Report) being conducted under the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA, or Superfund), presents an analysis of potential for adverse health effects
associated with both current or potential future human exposures to hazardous
substance releases at Portland Harbor in the absence of any actions to control or
mitigate these releases. Portland Harbor generally refers to a heavily industrialized
reach of the Lower Willamette River (LWR) between river mile (RM) 0 and

RM 11.8, the extent of the navigation channel. The approximate 10-mile portion of
Portland Harbor from RM 1.9 to 11.8 is referred to as the Study Area, which is the
focus of the BHHRA. The results of the BHHRA are used to assist in determining the
need for remedial action, provide a basis for determining concentrations of chemicals
that can remain in place and still be protective of public health, and to provide a basis
for comparing the effectiveness of various remedial alternatives.

The overall process used for the BHHRA is based on EPA guidance and followed the
approach documented in the Programmatic Work Plan and subsequent interim
deliverables as well as numerous discussions, directives, and agreements with EPA,
Oregon Department of Environmental Quality (DEQ), Oregon Department of Human
Services (ODHS), and Native American Tribes.

As noted above, the Superfund program uses risk assessment as a tool to evaluate the
likelihood and degree of exposure to hazardous substance released at Portland
Harbor, and the adverse health effect associated with those exposures. The Superfund
risk assessment process is comprised of the following four basic steps: 1) Data
collection and analysis; 2) Exposure assessment; 3) Toxicity assessment, and 4) Risk
characterization. Although the Portland Harbor BHHRA contains a separate
assessment of uncertainties, this discussion should be considered an integral part of
each of the four steps.

ES.1 DATA COLLECTION AND ANALYSIS

The dataset used in the BHHRA consists of surface sediment (defined as 0 to 30.5
centimeters in depth), surface water, groundwater seep water, clam and crayfish
tissue, and fish tissue. Although the BHHRA focused on the Study Area, data from
outside the Study Area, from downstream to RM 1.0, including Multnomah Channel,
and upstream to RM 12.2, were also used to assess risk.

ES.2 EXPOSURE ASSESSMENT

Currently or potentially exposed populations were identified based on consideration
of both current and potential future uses of the Study Area, and include populations
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who may be exposed to contamination though a variety of activities. The specific
populations and exposure pathways evaluated were:

e Dockside workers — direct exposure via incidental ingestion and dermal
contact with beach sediments.

e In-water workers — direct exposures to in-water sediment.

e Transients — direct exposure to beach sediment, surface water for bathing and
drinking water scenarios, and groundwater seeps.

e Recreational beach users — direct exposure to beach sediment and surface
water while for swimming.

e Tribal fishers — direct exposure to beach or in-water sediments, and
consumption of migratory and resident fish.

e Recreational and subsistence fishers — direct exposure to beach or in-water
sediments, consumption of resident fish, and consumption of shellfish.

e Divers — direct exposure to in-water sediment and surface water.

e Domestic water user — direct exposure to untreated surface water potentially
used as a drinking water source in the future.

e Infant consumption of human breast milk — exposure to certain persistent and
bioaccumulative contaminants (polychlorinated biphenyls [PCBs],
dichlorodiphenyldichloroethane, dichlorodiphenyldichloroethylene, and
dichlorodiphenyltrichloroethane [DDx] compounds, dioxins and furans, and
polybrominated diphenyl ethers [PBDES]) via nursing infants of dockside and
in-water workers, divers, and recreational, subsistence, and tribal fishers

Exposure to beach sediment was assessed per beach, and exposure to groundwater
seeps were assessed per seep. Exposure to in-water sediment, surface water, and fish
and shellfish tissue were assessed on both localized and Study Area-wide scales.

As required by EPA policy, the exposure assessment evaluated a reasonable
maximum exposure (RME), which is defined as the maximum exposure that is
reasonably expected to occur. In addition, estimates of central tendency (CT), which
are intended to represent average exposures, were also evaluated. Assumptions about
each population were used to select exposure parameters to calculate the pathway-
specific chemical intakes. As site-specific values are not available to describe
potential exposures for each populations and pathways, default values representative
of the larger U.S. population were used. Where default values are not available, best
professional judgment was used based on likely activity patterns.
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ES.3 TOXICITY ASSESSMENT

The toxicity assessment is an evaluation of both the type of adverse effects resulting
from exposure to a chemical, as well as a quantitative estimate of the specific
exposure, or dose at which adverse effects might occur. In the Superfund program,
two types of health effects are evaluated; the incremental risk of developing cancer,
and non-cancer health effects, such as developmental disorders and learning
problems, or other health effects specific to certain organs. Cancer and noncancer
toxicity values are used to assess the likelihood of a specific adverse health outcome.
Cancer risk is expressed as a probability, and the cancer potency is known as the
cancer slope factor. The non-cancer health hazard is expressed as the ratio of the
estimated chemical intake, or dose, to a reference dose (RfD). The chronic RfD is an
exposure representing an estimate (with uncertainty spanning perhaps an order of
magnitude or greater) of a daily exposure, including sensitive subgroups, that is likely
to be without appreciable health risks over a lifetime.

ES.4 RISK CHARACTERIZATION

Both cancer risks and noncancer hazards were evaluated in the BHHRA. To
characterize potential noncancer hazard, the hazard quotient (HQ) was calculated as
ratio of the estimated chemical intake, or dose, as described in the exposure
assessment, to the chemical-specific RfD. The HQs were then summed to yield
cumulative hazard indices (HIs). When the HI is less than 1, the estimated exposure is
unlikely to result in adverse health effects. Where the HI is greater than 1, endpoint-
specific Hls were calculated. This is done because the additive effects of exposure to
more than one chemical are most appropriately considered when they cause similar
health effects. Cancer risks are calculated as the product of the estimated dose and the
cancer slope factor, resulting in an estimate of the incremental probability that an
individual will develop cancer over a lifetime due to exposure to the chemical.

CERCLA actions are generally warranted where the baseline risk assessment
indicates that a cumulative site risk to an individual using RME assumptions for
either current or future land use is greater than a 1 x 10 lifetime excess cancer risk,
or the HI is greater than 1.

ES.5 MAJOR FINDINGS

The following presents the major findings of the BHHRA:

e Risks resulting from the consumption of fish or shellfish are generally orders
of magnitude higher than risk resulting from direct contact with sediment,
surface water, or seeps. Risks and hazards from fish and shellfish
consumption exceed the EPA point of departure for cancer risk of 1 x 10 and
target HI of 1 when evaluated on a harbor-wide basis, and when evaluated on
the smaller spatial scale by river mile.
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Consumption of resident fish species consistently results in the greatest risk
estimates. Evaluated harbor-wide, the estimated RME cancer risks are 4 x 107
and 1 x 107 for recreational and subsistence fishers, respectively. Evaluated
on a river mile scale, it is only at RM 5, where the estimated RME risk for
recreational fishers is 9 x 10, that the risk from consumption of resident fish
is less than 1 x 10™. River miles associated with the highest estimated risk
estimates are RM 4, RM 7, RM 11, and in Swan Island Lagoon. Evaluated
harbor-wide and assuming a diet that consisted of migratory fish in addition to
resident fish species, the estimated RME cancer risk for tribal consumers is

1 x 102 assuming fillet-only consumption, and 2 x 102 assuming whole-body
consumption.

Noncancer hazard estimates for consumption of resident fish species are
greater than 1 at all river miles. Evaluated harbor wide, the estimated RME HI
is 300 and 1,000 for recreational and subsistence fisher, respectively. The
highest hazard estimates are at RM 4, RM 7, RM 11, and in Swan Island
Lagoon. The highest noncancer hazards are associated with nursing infants of
mothers who consume resident fish from Portland Harbor. When fish
consumption is evaluated on a harbor-wide basis, the estimated RME HI is
4,000 and 10,000 for infants of recreational and subsistence fishers,
respectively. Evaluated on a harbor-wide scale, the estimated RME HI for
tribal consumers of migratory and resident fish is 600 assuming fillet-only
consumption, and 800 assuming whole-body consumption. The corresponding
HI estimates for nursing infants of mothers who consume fish are 8,000 and
9,000 respectively, assuming maternal consumption of fillet or whole-body
fish.

PCBs are the primary contributor to risk from fish consumption harbor wide.
When evaluated on a river mile scale, dioxins/furans are a secondary
contributor to the overall risk and hazard estimates. PCBs are the primary
contributors to the noncancer hazard to nursing infants, primarily because of
the bioaccumulative properties of PCBs and the susceptibility of infants to the
developmental effects associated with exposure to PCBs.

The greatest source of uncertainty in the risk and hazard estimates includes the
lack of good site-specific information about consumption of resident fish from
Portland Harbor. Because tribal fish consumption practices were evaluated
assuming a combined diet consisting of both resident and migratory fish, it is
not clear to what degree contamination in Portland Harbor contributes to those
estimated risks. In addition, it is important to remember that the noncancer
hazard estimates presented in the BHHRA are not predictions of specific
disease, and the cancer estimates represent upper-bound values, and the EPA
is reasonably confident that the actual cancer risks will not exceed the
estimated risks presented in the BHHRA.
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1.0 INTRODUCTION

This Baseline Human Health Risk Assessment (BHHRA) presents an evaluation
of risks to human health at the Portland Harbor Superfund Site (Site) in Portland,
Oregon. This BHHRA is intended to provide an analysis of baseline risks and
help determine the need for action at the Site, and to provide risk managers with
an understanding of the actual and potential risks to human health posed by the
site and any uncertainties associated with the assessment.

Portland Harbor encompasses the Lower Willamette River (LWR) in Portland,
Oregon, from the confluence with the Columbia to about River Mile (RM) 12. It
has been the focus of numerous environmental investigations completed by the
LWG and various other governmental and private entities. Major LWG data
collection efforts occurred during four sampling rounds in the LWR from RM 0.8
to 12.2 to characterize the physical system of the river and to assess the nature and
extent of contamination in sediment, surface water, transition zone water, storm
water, and biota.

The LWG has worked with the United States Environmental Protection Agency
(EPA) to develop the methods and assumptions used in this BHHRA. Consistent
with EPA guidance (1989), this BHHRA incorporates assumptions to provide a
health protective assessment of risks associated with contaminants present at the
Site. The risk assessment for Portland Harbor is a baseline risk assessment in that
it evaluates human health risks and hazards associated with contamination in the
absence of remedial actions or institutional controls.

This BHHRA is being conducted as part of the Remedial Investigation Report (RI
Report) to evaluate potential adverse health effects caused by hazardous substance
releases at the Site, consistent with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). The
BHHRA will be used to support the development of contaminant thresholds to be
used as preliminary remediation goals (PRGs) for sediment. The PRGs will
provide preliminary estimates of the long-terms goals to be achieved by any
cleanup actions in Portland Harbor. During the feasibility study (FS) process, the
PRGs will be refined based on background sediment quality, technical feasibility,
and other risk management considerations. EPA will identify the final
remediation goals (RGs) for the site in the Record of Decision, following
completion of the FS.

1.1 OBJECTIVES

The general objective of a human health risk assessment in the CERCLA process is to
provide an analysis of potential baseline risks to human health from site-related
contaminants and help determine the need for remedial actions, provide a basis for
determining contaminant concentrations that can remain onsite and still be protective
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of public health, and provide a basis for comparing the effectiveness of various
remedial alternatives. To achieve the overall objectives, the general process of
BHHRA is:

e Identify contaminants of potential concern (COPCs)?
o Identify potentially exposed populations and pathways of exposure to COPCs

e Characterize potentially exposed populations and estimate the extent of their
exposure to COPCs

e Quantitatively characterize the noncarcinogenic and carcinogenic risks to the
populations resulting from potential exposure to COPCs and identify
contaminants potentially posing unacceptable risks

o Characterize uncertainties associated with this risk assessment

o Identify the contaminants and pathways that contribute the majority of the
risk.

1.2 APPROACH

This BHHRA generally follows the approach that was documented in the
Programmatic Work Plan (Integral et al. 2004) and subsequent interim deliverables. It
also reflects numerous discussions and agreements on appropriate risk assessment
techniques for the Site among interested parties, including the EPA, Oregon
Department of Environmental Quality (DEQ), Oregon Department of Human
Services (ODHS), and Native American Tribes.

Potential exposure pathways, populations, and exposure assumptions were originally
identified in the Programmatic Work Plan and in subsequent direction from EPA.
Additional assumptions for estimating the extent of exposure were provided in the
Exposure Point Concentration Calculation Approach and Summary of Exposure
Factors Technical Memorandum (Kennedy/Jenks Consultants 2006) and the Human
Health Toxicity Values Interim Deliverable (Kennedy/Jenks Consultants 2004a).
Specific documents related to the approach for this BHHRA are presented in
Attachment F1. The BHHRA is based on EPA (1989, 1991b, 2001a, 2004, 2005a)
and EPA Region 10 (2000a) guidance, and is also consistent with DEQ guidance
(DEQ 20004, 2010).

1.3 SITE BACKGROUND

The LWR extends from the Willamette’s convergence with the Columbia River at
river mile (RM) 0 upstream to the Willamette Falls at RM 26. Portland Harbor

® Prior deliverables and some of the tables and figures attached to this document may use the term “Chemicals
of potential concern,” which has the same meaning as “Contaminants of potential concern” and refers to
“contaminants” as defined in 42 USC 9601(33).
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generally refers to a heavily industrialized reach of the LWR between RM 0 and

RM 12, the extent of the navigation channel. Additional information on the
environmental setting of Portland Harbor, including historical and current land use,
regional geology and hydrogeology, surface water hydrology, the in-water physical
system, habitat, and human access and use is provided in Section 3 of the RI Report.
The approximate 10-mile portion of Portland Harbor from RM 1.9 to 11.8 is referred
to as the Study Area (Map 1-1). Because the Site boundaries have not yet been
defined”, this BHHRA focused on the Study Area, while also including data collected
within the portion of the LWR that encompasses RMs 0.8 to 12.2.

Portland Harbor and the Willamette River have served as a major industrial water
corridor for more than a century. Industrial use of the Study Area and adjacent areas
has been extensive. The majority of the Study Area is currently zoned for industrial
land use and is designated as an “Industrial Sanctuary” (City of Portland 2006a).
Much of the shoreline in the Study Area includes steeply sloped banks covered with
riprap or constructed bulkheads, with human-made structures such as piers and
wharves over the water in various locations. A comprehensive update of Portland’s
Willamette Greenway Plan and related land use policies and zoning (The River Plan)
is underway, addressing all of the Willamette riverfront in Portland (City of Portland
2006b). The Willamette Greenway Plan addresses the quality of the natural and
human environment along the Willamette River and generally includes all land
adjacent to the river, public lands near the river, and land necessary for conservation
of significant riparian habitat. (The Willamette Greenway Plan, adopted by the City
Council November 5, 1987, Ordinance 160237). The Greenway Plan is intended to
“protect, conserve, enhance, and maintain the natural, scenic, historical, economic,
and recreational qualities of lands along Portland’s rivers.” (Portland City Code
Chapter 33.440). The Plan supports industrial uses within Portland Harbor while at
the same time looks to increase public access to the river. As a result, recreational use
within the Study Area may increase at certain locations in the future.

There are numerous potential human uses of Portland Harbor. Worker activities occur
at the industrial and commercial facilities in the Study Area. However, due to the
sparse beach areas and high docks associated with most of the facilities, worker
exposure to the in-water portion of the Study Area may be limited in shoreline areas.
Commercial diving activities also occur in the LWR. In addition, the LWR provides
many natural areas and recreational opportunities, both within the river itself and
along the riverbanks. Within the Study Area, Cathedral Park, located adjacent to the
St. Johns Bridge, includes a sandy beach area and a public boat ramp and is used for
water skiing, occasional swimming, and waterfront recreation. Recreational beach use
also may occur within Willamette Cove, Swan Island Lagoon, and on the southern
end of Sauvie Island. Swan Island Lagoon includes a public boat ramp. Additional
LWR recreational beach areas exist on the northern end of Sauvie Island and in
Kelley Point Park, both of which are outside of the Study Area.

* The Site boundaries will be defined by EPA in the Record of Decision for the Site.
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Fishing is conducted throughout the LWR basin and within the Study Area, both by
boaters and from locations along the banks. The LWR also provides a ceremonial and
subsistence fishery for Pacific lamprey (particularly at Willamette Falls) and spring
Chinook salmon for Native American Tribes. Many areas in the LWR are also
impor